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Ultraviolet radiation is known to indu ce a transient defect 
in epidermal antigen presentation which leads to the gen-
eration of antigen-specific suppression of the delayed-type 
hypersensitivity (DTH) response. T he putative receptor in 
skin for the primary event in UV -suppression is urocanic 
acid (UCA) which may then interact locally , or systemi-
cally, with antigen presenting cells or initiate a cascade of 
events resultin g in suppression. We present the first direct 
U ltraviolet B irradiation has been shown to deprcss ce·lI-mediated immunity (CMI) to tumor [1], sk in sensitizing [2], and viral [3] antigens encountered epiderm all y within a criti cal period after exposure. Although both the numbers and morphology of 
Langerhans cells (LC) in the skin are affected by UV irradiation 
[4] and therapeutic UV regimes [5], recent work has indicated 
th at maximum suppression of the delayed-type hypersensitivi ty 
(DTH) response occurs at different wavelengths from those di-
rectl y affecting LC [6, 7J. These findings have been employed as 
support for the proposal of De Fabo and N oonan [8] that there 
is release of a photoproduct, the cis-isomer of urocanjc acid (UCA), 
followin g UV irradiation of skin which may then interact with 
the cells of the immune sys tem to induce supp ress ion. Preliminary ' 
evidence from these workers [9] indicates that th e DTH response 
to the contact sensitizing agent tri nitroch lorobenzene (TNCB) in 
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Abbreviations: 
APC: antigen-presenting cells 
C MI: ce ll-mediated immunity 
DMSO: dimethylsulfoxide 
DTH: delayed-type hypersensitivity 
HSV -1: herpes simplex virus, type 1 
LC: Langerhans ce ll s 
NMR: nuclea r magnetic resonance 
pfu: plaque-formin g units 
T NCB: trinitrochlorobenzene 
U C A: urocani c ac id 
UV-UC A: UV-irradiated U C A 
evidence that UCA, when irradiated with a dose (96 mJI 
cm 2) of UVB radiation known to suppress the DTH re-
sponse to herpes simplex virus, type 1 (HSV- l) in mice, 
can induce suppression following epidermal application or 
s. c. injection of the irradiated substance. This suppression 
is transferable with nylon wool-passed spleen cells. ] In vest 
DeY/nato I 87:630-633, 1986 
mice deficient in epidermal UCA cannot be suppressed by UVB 
irradiation. 
Previous reports from this laboratory have indica ted that the 
DTH response to hcrpes simplex virus , type 1 (HSV-l) in a 
murine model can be suppressed by irradiation of the mice with 
96 mJ/cm 2 of UVB radiation 3 days before sensitization with 
live virus [3]. The suppression of the efferent DTH response is 
mediated by 2 phenotypically distinct, LyJ+2- and Lyl - 2 +, T 
cells [10] . Epidermal antigen-presenting cells (APC) from such 
mice have a red uced ability to present HSV -1 antigens to T helper 
cells in vitro [11]. In this paper we investigate the possible role 
of U CA as a factor in mediating UV suppression of the DTH 
response to HSV-1 in a murine model. 
MATERIALS AND METHODS 
Mice The 2 initial experiments were carried out usin g female 
CBA/CA mice aged 10-12 weeks obtained frolTl the Faculty of 
Medicine Animal House. In all subseq uent experiments C3HfBui 
Kam male mice aged 10-1 2 weeks were used. The C3H mice 
were bred in th e Department of Bacteriology anima l house and 
all the mice maintained there. 
Virus The vi rus used throughout was a clinical isolate of HSV-
1 w hose DNA has been analyzed usi ng restriction endonucleases. 
The virus was cultured in Vero cells and assayed for plaque-
formin g units (pfu) per ·milliliter as described previously [3,10]. 
Delayed-Type Hypersensitivity Assay This has been de-
scribed previously [3, 10]. BrieRy, mice were sensitized by s.c. 
injection in the right flank with 5 x 106 pfu HS V- I grown in 
Vero cells. Contro l mice were either sensitized with an equivalent 
number (104) of son ica ted , un infected Vero cells or, in some 
experiments, not sensitized. The nuce were tested for DTH to 
HSV-l between 8 and 10 days after sensitization. Ear thicknesses 
were measured before the mice were challenged by injectin g 10 
J.Ll (106 pfu) of UV -inactivated virus into each ear pinna. The ea r 
thicknesses were again n'leas ured 24 h later and the DTH calcu-
lated as the average ear increase per mouse. Suppression of DTH 
was determin ed by the formula: 
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Figure 1. A representa ti ve experiment showing the time course fo r the 
isom eri zation (trmw-+cis) of urocanic acid by UVB irradia tion. 
% suppress ion 100 
100 X net in crease o f ex perimental mice 
net increase of control mice 
as described by N oonan et al [6]. 
Induction of Suppression To induce suppression of OTH to 
HSV-l , mice were irradiated for 20 min under 2 Phi lips TL20W/12 
b ulbs w hich gave a dose o f 96 mJlcm2 on the shaved backs o f 
th e mice as described previously [3]. 
Urocanic acid [Sigma (U.K. ) Ltd .] was dissolved in a small 
volun1e of dimeth ylsulfoxide (OM SO) at 37°C for 5 min at a 
m axima l concentrati on o f 40 mg/ml , then diluted 10- to 40-fold 
in s terile physiologic saline . This so lution was poured into a large 
pe tri dish to give a thin layer and irradiated for 20 min as fo r the 
mice. The irradi ated solution was then diluted in saline as re-
q uired. The UV~irra diated U CA (U V-UC A) was either painted 
onto the shaved, tape-stripped fl anks of mice or injected s.c. Four 
tap e strips we re administered using a single batch of Sellotape. 
T h e same site was used for the administration o f the sensitizing 
dose of HSV. Other mice were trea ted in a similar manner but 
using nonirradiated U C A, the vehicle, or irradiated vehicle only . 
Isomerization of UCA Nuclea r magneti c resonance (NMR) 
spectroscopy was employed to determine the amount of U C A 
isomerized from the trans to cis form on irradi ation as above. For 
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this procedure the U C A was dissolved in a small volume of 
deuteriated O M SO at 37°C fo r 5 min then diluted in a large 
vo lume of deuterium oxide (020) to a fin al concentration of 1 
m g/ml before ir radiation . T he 2 isomers were identified fro m the 
couplin g constants of the olefini c protons and their amount fro m 
the changes in the ampli tude of the olefini c proton signals in the 
NMR . The sa mples were run on a Bruker WP 80 SY nuclear 
magnetic resonance spectroph otometer. 
Cell Transfers Cells from spleens of HSV-l-sensitized mice 
which had been inj ected with UV-UC A 5 h before sensitiza tion 
were enriched for T cells by passage over nylon wool columns 
[1 2]. T he collected cells were injected i. v. into recipient mice 24 
h before ear challenge with HSV-l as described previously [10]. 
RES ULT S 
Ultraviolet Radiation-Induced Isomerization (trans-cis) of 
UCA A time Course for the isomeriza tion ofUC A on irradiation 
is shown in Fig 1. Initially there was no detectable cis form but 
this was pres~nt at 24% after 20 min , rising to 45% at 1 h and 
74% at 4 h. The isomer was stable on storage at room temper-
ature, there being no reversal to the (rans form after 6 w eeks. In 
subsequent experiments U C A ir ra diated for 20 min was used. 
Ultraviolet-Irradiated UCA Suppresses DTH to HSV-1 
T his fi rst experim ent was to determine whether UV -UC A could 
induce suppression of the DT H response when administered 3 
days or 5 h before sensitiza tion with the amount normally present 
in the irradiated area of skin [13]. Table I shows that UV -UC A 
induced marked suppression in C BA mice w hether the chemical 
was painted onto shaved, tape-stripped skin or injected S.c. 5 h 
or 3 days before sensitiza tion . Maximum suppression (57%) of 
the DT H response occurred when UV-UC A w as injected 5 h 
before a sensitizing dose of HSV -1 administered at the same site. 
Injecting the vehicle in which the U C A w as dissolved had no 
effect. 
Spleen Cells Can Transfer t~e UV-UCA Suppression ofEf-
ferent DTH to HSV-1 In o rder to determine the nature of the 
suppression induced by UV-UC A, nylon wool-passed spleen celJs 
fro m UV-UCA suppressed mice (group 5, T able I) were trans-
ferred to syngeneic animals which had been sensitized w ith live 
virus 8 days previously. Table II indica tes that UV-UC A-induced 
suppression of DTH to HSV-l was transferable w ith nylon wool-
passed spleen cells. 
Comparison ofUV- UCA and Nonirradiated UCA The ef-
fects of injecting the trans form of U C A and o f supplementing 
Table I. Ultraviolet- Irradiated Urocanic Acid (U CA) Suppresses Delayed-Type H ypersensitivity 
to Herpes Simplex Virus, T ype 1 (H SV- l ) 
U VB Irradiation UV- UCA 
(3 days (3 days U V-U C A 
previo usly) previously) (5 h previously) 
Nil Nil Nil 
Ni l Vehicle Nil 
Nil Ni l Nil 
96 mJ /cm2 Nil Nil 
Nil Nil 200 /-Lg ( iJ~ ec ted 
in vehicle)" 
Nil 200 /-Lg (injected Nil 
in vehicle)" 
Nil N il 200 f..Lg (pa inted 
in vehicle)" 
Nil 200 /-Lg (painted Nil 
in vehicle)" 
' UV- U C A injected at site of subsequent sensitizing dose of HSV- I. 
Sensitized w ith 
H SV at Ti me 
o (pfu) 
Nil 
Nil 
5 x 106 
5 x 106 
5 x 106 
5 X 10" 
5 x 10" 
5 X 10" 
Increase in 
Ear T hickness 
(mm X 10 - 2) 
1. 93 ± 0.90 (n = 4) 
1. 57 ± 0.57 (n = 3) 
11. 06 ± 0.80 (n = 4) 
8.50 ± 1.04 (n. 4) 
5.75 ± 0.97 (n 4) 
7.94 ± 1.25 (n 4) 
7. 16 ± 0.65(n = 4) 
7.08 ± 0.07 (n = 4) 
Percent 
Suppressio n 
27 ± 11 
57 ± 10 
33 ± 13 
42 ± 5 
43 ± 1 
· UV-U CA applied foll owing sha ving and mild ta pe-strip ping o f epidermis at site of subsequent sensitizing dose of HSV. n = Num ber of mice pc r group. 
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Table II. Ultravio let- Irradiated U roca nic Acid Suppression is 
T ransferable by Spleen Cell s 
Sensiti zcd 
w ith H SV at 
T ime 0 (pfu) 
N il 
5 X 106 
5 X 10" 
N o. of N ylon-
Wool-Passed Splecn 
Cel ls T ransfe rred 
i . v. (on day 8) 
Nil 
N il 
5 x 106 
n = Nu m be r of mi ce per g ro up . 
In crease in 
Ea r T hi ckness 
(!TI m X 10 - 2) 
3.40 :±: 0.34 (11 = 7) 
12.2 1 :±: 0.98 (n = 7) 
7.35 :±: 0.88 (11 = 5) 
Percent 
Suppressio n 
55 :±: 9 
UV irradi ation of C3H mi ce w ith UV-UC A on th e DT H re-
spo nse were exa mined . T able III indi ca tes that th ere was no in-
crease in suppression over UV-UC A alone w hen bo th UV ra-
diati on and UV-UC A were administered togeth er. N onirradiated 
U CA had a suppress ive effect on th e DTH res ponse to H SV-1 
but to a lesser extent than the sa me quantity of UV-U C A. 
Calibration of the Suppressive Effect of UV-UCA on the 
DTH Response to HSV-l To determin e w heth er th ere was a 
relationship between th e am ount of U C A o r UV-U C A admin-
istered and th e qu antity of suppression achieved, a seri es o f dose-
response experiments we re ca rri ed out. Representative experi-
ments are sho"v\(n in Table IV . Experim ent 1 indi ca tes that the 
sup pression achieved by inj ectin g UV-U C A was titratable but 
there was redu ced suppression at the hi ghes t concentration o f 
UV-UC A used . As befo re there was a lesser suppression of DTH 
using nonirradiated U C A compared w ith UV-UC A. T he 
suppression of the DTH res ponse generated by UV B and 100 fLg 
of UV-U CA was of a similar o rd er. 
Experiment 2 indicates that th ere was a titratable suppress ive 
effect usin g small doses of UV-UC A (3-1 00 fLg). Aga in, non-
irradiated U C A had a suppressive effect but less th an the sa me 
dose of UV-U CA. T he amount of suppression achieved by 100 
fLg of U CA was similar to that induced by 3 fLg of UV-UC A. 
N ylon wool-passed spleen cells from UV-UC A-trea ted mice from 
a previous experiment could transfer efferent suppression o f the 
DTH res ponse. T he irradiated vehicle on its own had no effect 
on the DTH res ponse (data not shown). 
DISC USSIO N 
Although UV B irradiation is known to affect the APC fun cti on 
of the ski n [11 , ] 4, 15] and other o rga ns [1 6], th e mechanism by 
w hi ch th e alte ration in anti gen handlin g occurs is unknown. Uro-
canic acid , a maj or component of the stratum co rneum , is fo rmed 
through the dea mination of hi stidine by the enzy me hi stid ase . 
Further ca taboli sm of U C A does no t occur in skin [1 3] as the 
enzy me uroca nase, present in li ver, is absent. U roca ni c acid 
undergoes a UV-dependent trans to cis iso meri za tion [17] . T he 
T H E JO URN AL O F INVESTIGATIV E DERMAT O LOGY 
action spectrum of this iso meriza tion shows a close fit w ith the 
ac tion spectrum fo r the UV induction of systemic suppression of 
contact hypersensiti vity [SJ and has impli cated U C A in the mech-
ani sm of UV supp ress ion . T he present paper provides the first 
direct evidence th 'lt the cutaneous o r subcutaneous administration 
o f th e cis-iso mer o f U C A can influence th e DTH response o f mi ce 
to antigens whi ch are enco untered epiderm a!l y sho rtl y therea fter. 
Ea rl y evidence also indica tes that thi s supp ress ion is transferable 
with nylon woo l-passed spleen cell s. T he evidence lends support 
to the hypo thesis of De Fabo and N oonan [SJ that th e putati ve 
photorecepto r fo r UV B suppression in skin is U C A. T hi s evi-
dence, however, does no t preclude th e influence o f several inter-
actin g fac tors in th e mechani sm of UV suppress ion . 
N oon;1I1 and colleagues [6] and Morison et al [7] have elegantl y 
demonstrated that sys temi c suppression of DTH to a contact 
sensiti zer is almos t certainl y no t generated by a UV radiation-
induced loss of LC from the UV-irradiated site o r by an alterati on 
in LC m orphology. However, it is possible that th ere m ay be a 
loca l interacti on of UV-U CA w ith APC in th e skin res ultin g in 
altered handlin g of antigens. T his is attrac tive fro m th e po int of 
view that th e soluble pho toiso m er, cis-UC A, must pres um abl y 
be released from the cell s o f the stra tum corneum and could 
interact loca ll y with A PC w hi ch wo uld then generate a sys temic 
suppress ive response . An al te rn ative poss ibility is th at UV-UC A 
may diffu se fro m the epidermis to interac t w ith the immune 
system at a distant site. . 
O ur previous work indi ca tes th at a lapse of 5 h between UV B 
irradiation and sensitiza ti on w ith H SV-l is no t suffi cient fo r the 
initiation of a suppressed res ponse w hereas the applica tion or 
inj ection of UV -UC A 5 h befo re sensitiza ti on is suffi cient for the 
generation of a suppressed D T H res ponse. We are at present 
addressing the ques tion of the direct effect o f UV-UC A on the 
fun cti onal ability o f APC in vitro and in v ivo . 
NMR spectroscopy indica tes that less th an 1% of U C A as 
suppli ed is o f the cis fo rm; this p ropo rt ion, however, may be 
ph ysio logica ll y relevant alth ough it is at the limit o f resolution 
of the N MR techniqu e. Al so, increasing doses of non irradiated 
U C A ca n increase th e suppression induced. Ult ravio let irradiation 
fo r 20 min signifi ca ntl y increases the pro portion o f th e cis fo rm 
of U C A, yet w hen very large doses (800 fLg) o f UV-UC A are 
administered the suppression is less than w hen lower doses (1 00- 200 
fLg) are employed. H ere, co mpetiti ve inhibi tion m ay be important 
when very large am ounts of tra lls-U C A are presen t . 
Unlike Baden and Pathak [1 3] and o th ers [17J whose earl y work 
indicated th at the UV rad iation-induced isom eriza tion of U C A 
tail s off as th e amount o f cis- and trails- isom ers approaches equal-
ity , our NMR spectra indi ca te that iso meriza tion under th e con-
ditions we describe continues until , at 4 h , 74% o f the U C A is 
of th e cis fo rm . We pro pose to purify this cis-U C A and to employ 
it to in ves ti ga te further its interaction with the cells o f the immune 
system in the ph ys io logic ran ge w ith less interference fro m ex-
ogenous lralls-U C A. Adoptive transfer ex perim ents are also in 
Table III. Comparison of the Effect of U roca nic Acid (U C A) and UV- U C A on the Delayed-Type H ypersensitivity Response to 
Herpes Simplex Virus, T ype 1 
UVB 
Irradiatio n 
(3 days 
previously) 
Nil 
Nil 
96 111) lcm2 
N il 
Nil 
UV- U CA 
Injected 
(5 h 
previously) 
Nil 
Nil 
200 fLg 
200 fLg 
Nil 
n = Num ber of mice per g roup . 
U CA 
Inj ected 
(5 h 
prev iously) 
Nil 
Nil 
Nil 
Nil 
200 fLg 
Sensi ti zed Increase in Ear 
w ith H SV at T hickness Percent 
T im e 0 (pfu) (mm x 102) Suppression 
Nil 2.44 :±: 0.54 (11 4) 
5 x 106 11.33 :±: 1. 09 (n = 3) 
5' X 106 7.00 :±: 0.84 (n 5) 48 :±: 9 
5 x 10(' 6.69 :±: 0.54 (11 4) 52 :±: 6 
5 X 10(' 8.89 :±: 1.68 (11 4) 27 :±: 15 
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Table IV. Ca libration of Urocanic Acid (UCA) and UV-U CA Effect on Delayed-Type H ypersensitivity (DTH) and Cell 
Transfer o f Suppress ion 
Experimcm 'I Expcriment 2 
UV-U CA Spleen Increase in Ea r Increase in Ear 
UV (3 days (5 h U C A (5 h Sensitized w ith Cells Thickness " erccm T hickn ess Percent 
previously) previous ly) previously) at Time 0" T ransfcrrcd (mm X 10- 2) Su ppression (111m X 10 - 2) Suppress ion 
Nil Nil Nil NI L/Vera cell s Nil 2.35 ± 0.53 (n 5) 4. 17 ± 1. 00(n 6) 
Nil Nil Nil HSV Nil 14.38 ± 1. 0 1 (n 6) 16.50 ± 0.78 (n 8) 
96 mJ /c m 2 Nil Nil HSV Nil 7.72 ± 0.70 (n 12) 55 ± 6 8.00 ± O.72(n 6) 65 ± 12 
Nil 3 J.Lg Nil HSV Nil N D 10.88 ± 0.6 1 (n 6) 46 ± 5 
Nil 10 J.Lg N il HSV Nil 10.20 ± 0.58 (n 6) 34 ± 5 8.70 ± 0.58 (n 6) 63 ± 5 
Nil lOO J.Lg Nil HSV Nil 7.45 ± 1.54 (n 6) 60 ± 12 7.40 ± 0.53 (n 6) 74 ± 4 
Nil 800 J.L g Nil HSV Nil 9.58 ± 0.23 (11 6) 40 ± 2 ND 
Nil Nil 3 J.Lg HSV Nil N O 12.38 ± 1. 36 (n 4) 33 ± 11 
Nil Nil 10 J.Lg HSV Nil 11 .54 ± 0.67 (n 6) 24 ± 6 11. 85 ± 1. 24 (n 5) 37 ± 10 
Nil Nil 100 J.Lg H SV Nil 12.00 ± 1.07 (n 6) 2 1 ± 9 11. 50 ± 1.02 (n 4) 40 ± 8 
Ni l Nil 800 J.L g HSV Nil 12. 25 ± 1. 16 (11 6) 25 ± 10 ND 
Nil Nil Nil HSV 2 x lO7/, ND 6.38 ± 1. 27 (n 4) 82 ± 10 
"Mice were sensiti zed with 5 X 106 pfu of H V-I, negati ve contro ls were unsensitized Or injected with 10' Vero cells. 
' N ylon woo l- passed spleen cell s from mice prev iously shown to have a suppressed DTH response to HSV- I after 100 J.Lg of UV-UCA transferred on day 9. n = Number 
of mice per group. ND = Not done. 
progress to fu rther characteri ze any population of immune cells 
generated by UV -UC A trea tment. 
T he al llh ors lVo/lld like to tlwllk Dr. E. C . De Foho fo r h;s ;lIterest alld ell -
CO lIyagel/l el/t . 
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